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Abstract 
The 5-minute test βeta-s.t.a.r. Combo (Neogen Corporation, Lansing, MI) was validated at 
ILVO-T&V according to Commission Decision 2002/657/EC and the CRL Guidelines for the 
validation of screening methods by determination of the test specificity, detection 
capabilities and test robustness.  
In the validation study the test showed to be very specific as a real interference was only 
caused by clavulanic acid at 700 μg/kg and above. The βeta-s.t.a.r. Combo detects all β-
lactams and tetracyclines with a MRL in milk at their respective MRL except for cefalexin 
and desfuroylceftiofur. 
Positive results for milk with an abnormal composition/quality should be considered with 
caution since interferences (false positive results) were observed. Retesting of initially 
positive milk samples could be a recommendation. 

 
Introduction 
The βeta-s.t.a.r. Combo is a competitive receptor test in dipstick format for the rapid 
detection of residues of β-lactams (penicillins and cefalosporins) and tetracyclines in raw 
milk.  The time to result for the assay is 5 minutes. A validation study was performed at 
ILVO-T&V according to Commission Decision 2002/657/EC and to the CRL guidelines for 
the validation of screening methods for residues of veterinary medicines (Anon., 2010).  
 
 
Materials and methods 

Test procedure 
Add 200 µl of milk to the reagent vial. Gently shake the vial to mix the milk and reagent 
until all solids are in solution. Incubate the vial in a heather block at 47.5 1.0 °C for two 
minutes. Place dipstick into the vial. Incubate for three minutes at 47.5 1.0 °C. Remove 
the dipstick from the vial and remove the wicking pad from the bottom of the dipstick to 
stop the reaction of the device. Interprete the results either visually or using the Accuscan 
III Reader.  Negative: for each test line, the intensity of the test line is greater than or 
equal to the control line; no β-Lactam or tetracycline drug residue detected. Ratio test line 
/ reference line ≥1.00. Positive: if the intensity of the test line is less than the intensity of 
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the control line, the milk sample is positive for the antibiotic. Ratio test line / reference 
line <1.00. 

Test selectivity  
The selectivity of βeta-s.t.a.r. Combo was tested by analysing milk doped with compounds 
belonging to families of antibiotics or chemotherapeutics other than β-lactams (1 per 
family). Raw milk was doped at a high concentration (10×MRL or 10×MRPL). All testing 
was completed in duplicate.  
 
Following compounds were used: erythromycin (macrolides), enrofloxacin (quinolones), 
chloramphenicol (amphenicols), neomycin (aminoglycosides), colistin (polymyxins), 
lincomycin (lincosamides), clavulanic acid (β-lactamase inhibitors), sulfadiazine 
(sulfonamides), trimethoprim (diamino pyrimidine derivatives) and dapsone (others 
chemotherapeutics). 

Detection capability 
Milk was spiked with all β-lactams mentioned as marker residue in Table 1 of the annex of 
Commission Regulation (EU) No 37/2010. The increment between the different 
concentrations was depending on the concentration level, as indicated in Table 1. The 
blank milk was originating from 4 cows in mid-lactation that were not treated with 
antibiotics or chemotherapeutics during the last months.  
   

Table 1. Increment between the concentrations tested 

Concentration (in µg/kg) Increment (in µg/kg) 

1-10 1 
10-20 2 
20-50 5 
50-100 10 
100-250 25 
250-500 50 
500-1,000 100 
1,000-5,000 500 

 
 
According to the CRL guidelines for the validation of screening methods (Anon., 2010), 
each concentration was tested 20, 40 or 60 times (Anon., 2010) in a time period of at least 
three days and by different technicians. The detection capability is defined as the lowest 
concentration tested where at least 19 out of 20 tests, 38 out of 40 tests or 57 out of 60 
tests were positive, respectively.     
o Concentration tested is <0.5×MRL: 20 times 
o Concentration tested is 0.5 - 0.9×MRL: 40 times 
o Concentration tested is 0.9 - 1.0×MRL: 60 times 
o Concentration tested is 1 - 2×MRL: 60 times 
o Concentration tested is 2 - 5×MRL: 40 times 
o Concentration tested is >5×MRL: 20 times 
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Test robustness 
For testing of the test robustness blank and doped (4 µg/kg benzylpenicillin and 100 µg/kg 
oxytetracycline) raw milk samples were first analyzed strictly following the test protocol 
and using milk of normal composition. Afterwards a test protocol with different incubation 
times (first and second incubation step) was tested. Also the impact of delaying the 
reading of the test devices was studied. The impact of a high somatic cell count (>10

6
 

somatic cells per ml), a high bacterial count (>5×10
5
 CFU per ml),  a high fat content (>6 g 

per 100 g), a low fat content (<2 g per 100 g), a high fat content (>4 g per 100 g), a low 
protein content (<2.5 g per 100 g), a high pH (7.5) or a low pH (6.0) of the milk was 
studied.  
Further the suitability of the βeta-s.t.a.r. Combo to test heat-treated milk and milk of 
animal species other than the cow (goat, ewe, mare) was tested. The difference between 
two lots of reagents was evaluated by testing the same set of blank and doped samples 
with two different lots of reagents. Finally, the test was integrated in the monitoring of 
dairy samples (farm milk, truck milk, consumption milk and milk powders) and a national 
ring trial to check the number of false-positive and false-negative results.  
 
Results and Discussion 

Test selectivity 
The βeta-s.t.a.r. Combo is a highly specific test for detection of β-lactams and tetracyclines 
in milk and does not detect compounds from the macrolides, quinolones, amphenicols, 
aminoglycosides, polymyxins, lincosamides, sulfonamides and diaminopyrimidine 
derivatives, nor dapsone. No interference by compounds not belonging to the group of β-
lactams was noted except for clavulanic acid.  Interference (95% or higher)  by clavulanic 
acid was found at concentration ≥ 700 µg/kg. 

Detection capability 
The detection capability of the βeta-s.t.a.r. Combo for β-lactams and tetracyclines is 
summarized in Table 2. The βeta-s.t.a.r. Combo detects all β-lactams and tetracyclines 
present on the EU-MRL list in milk (Commission Regulation (EU) No 37/2010). All of these 
compounds are at least in 95% of the replicates detected at the MRL except for 
desfuroylceftiofur (detection capability = 1000 µg/kg, MRL = 100 µg/kg) and cefalexin 
(detection capability 700 µg/kg, MRL = 100 µg/kg).  The detection capability for 
doxycycline (no MRL in milk) is 14 µg/kg. 

Test robustness 
Performing the βeta-s.t.a.r. Combo assay with incubation times different from the 
standard 2 minutes + 3 minutes has no impact on the ratios obtained in blank milk or milk 
doped with benzylpenicillin.  However, there is an impact of change in incubation times on 
the tetracycline channel.  Low false negative results are seen as the incubation times are 
altered.  However, the ratios on the tetracycline channel are very close to 1.0 and 
therefore would warrant a re-test of the sample with a reading only slightly higher than 
1.0.  Based on the risk of variability, it is recommended to run the test as described in the 
kit insert.  Additionally, since this assay is a milk screening test, any sample which returns a 
result very close to the cut off value of 1.0 should be retested.  
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Table 2. Test sensitivity (in µg/kg) of the βeta-s.t.a.r. Combo, instrumental reading 
(Accuscan III) with cut-off ratio= 1.00. Test capability defined as the lowest concentration 
tested giving 19 positive results out of 20, 38 positive results out of 40, or 57 positive 
results out of 60, respectively.  

Group Substance MRL  
(in µg/kg) 

Detection 
capability 
(in µg/kg) 

N positive 
results / 
n tests 

penicillins benzylpenicillin  4 4 59/60 
 ampicillin 4 4 58/60 
 amoxicillin 4 4 60/60 
 oxacillin 30 5 20/20 
 cloxacillin 30 5 20/20 
 dicloxacillin 30 6 20/20 
 nafcillin 30 12 19/20 

cefalosporins ceftiofur 100 90 58/60 
 desfuroylceftiofur 100 1000 20/20 
 cefquinome 20 8 20/20 
 cefazolin 50 40 40/40 
 cephapirin 60 9 19/20 
 desacetylcephapirin 60 3 20/20 
 cefacetrile 125 40 20/20 
 cefoperazone 50 8 19/20 
 cefalexin 100 700 20/20 
 cefalonium 20 5 20/20 

tetracyclines tetracycline 100 100 58/60 
 oxytetracycline 100 100 60/60 
 chlortetracycline 100 35 20/20 
 doxycycline

a
 --- 14 59/60 

MRL: Maximum Residue Limit, Commission Regulation (EU) No 37/2010 (status on 
September 1, 2011); 

a
 Not allowed to be given to lactating cows. 

 
 
Similar to a stop solution added to an ELISA to stop the reaction, the βeta-s.t.a.r. Combo 
devices should be stopped by removing the filter pad after the 3 minute incubation is 
complete.  The data with delayed reading show that removal of the filter pad stops the 
colour development on the β-lactam channel and slows down the evolution in colour 
development on the tetracycline channel (the ratio is slowly changing towards lower 
values (more positive), but importantly, blank milk continues to read as negative). 
 
Some false-positive results on the tetracycline channel were encountered when testing 
blank milk with a high somatic count (>10

6
 per ml), and on the β-lactam channel for milk 

fortified with 100 µg/kg of oxytetracycline. The detection of benzylpenicillin (4 µg/kg) or 
oxytetracycline (100 µg/kg) was not hampered by the high number of somatic cells. So 
high somatic cell counts normally do not occur in a large volumes of commingled milk, like 
silo or tanker milk. Therefore, problems of false-positive results could only be expected 
when testing milk of individual cows. 
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High bacterial count does not impact the results of βeta-s.t.a.r. Combo whether in a 
negative sample or when spiked with either benzylpenicillin or oxytetracycline.    
 
Milk with a normal, a low (2 g/100 ml), or a high (>6 g/100 ml) fat content was spiked with 
benzylpenicillin or oxytetracycline. In milk with a normal fat content, βeta-s.t.a.r. Combo 
provided accurate results in all samples tested.  In milk with a low fat content, one false-
positive result (out of 12 samples) was obtained on the β-Lactam channel for one sample 
and on the tetracycline channel for another sample.  When the last mentioned sample 
was tested 2 more times, the tetracycline reading was twice negative.    
Milk with a high fat content was also tested.  One negative milk sample with a high fat 
content gave a positive result on the β-Lactam channel.  This sample did not test positive 
by any alternative test method.  The other discordant results in the high fat samples were 
all associated with the tetracycline channel. Some of these samples gave a negative result 
on the tetracycline channel when retested. Some of these samples were laboratory 
produced samples (addition of cream to normal milk to obtain a fat concentration of >6 
g/100 ml) and may not accurately represent a naturally occurring high fat content.  
Additionally, it is highly unlikely that such a high fat content ( >6 g/100 ml) would be 
commonly found especially in large quantities of pooled milk as is common in tanker 
testing.  The false positive results are most likely due to a slow flow rate due to the very 
high fat content of the milk.  Overall, these data indicate that the βeta-s.t.a.r. Combo test 
functions in milk of very low and normal fat content. Milk of high fat content can have 
altered flow rates which may cause false-positive readings.  In samples where flow rate 
might be altered, caution should be taken in interpretation of results and samples (after 
skimming) may need to be re-analysed. 
 
One of the three milk samples with a normal protein content and spiked with 100 µg/kg of 
oxytetracycline was borderline negative (ratio 1.059). It is known that tetracyclines can 
bind to the calcium in the milk. Here again false-positive results were encountered, both 
on the β-Lactam channel and the tetracycline channel. In some cases the replicate testing 
resulted in negative results. Retesting of initially positive milk samples could be a 
recommendation. 

When milk of varying pH was assayed with βeta-s.t.a.r. Combo, the tetracycline results 
were impacted by low pH milk.  In blank milk and milk spiked with benzylpenicillin, the 
tetracycline channel was positive, suggesting that in milk with a low pH false-positive 
results may occur for tetracycline.  However, milk of pH 6.0 is not very common and is not 
anticipated to be present in nature. 
 
The detection of benzylpenicillin was hampered in sterilized milk but the ratios obtained 
were all ≤1.343. Reconstituted milk powder spiked at 100 µg/kg of oxytetracycline was 
never tested as positive. 
 
No significant differences were noticed when testing milk from goats’ and ewes’ as 
compared to cows’ milk.   Blank milk samples from these different species tested negative 
(all ratio’s > 1.0).  In goats’ milk, benzylpenicillin (4 µg/kg) and oxytetracycline (100 µg/kg) 
were always detected with no differences seen between species.  Because of the high fat 
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content in ewes’ milk, some false negative results were obtained on the tetracycline 
channel.  This is most likely associated with a slower flow rate when testing milk of high 
fat content.  The βeta-s.t.a.r. Combo test is influenced by mares’ milk.  Blank milk samples 
gave positive results on both the β-lactam and tetracycline channel.   Therefore,  βeta-
s.t.a.r. Combo is a suitable assay for testing of cows’, ewes’ and goats’ milk.     
 
Milk doped with benzylpenicillin (4 µg/kg), oxytetracyline (70 µg/kg) or cefalonium (4 
µg/kg) were assayed with 2 different lots of reagents to determine if there was any lot to 
lot variation evident in the test.  The results indicate that the assay detects each of the 
antibiotics as expected and that blank milk is negative on both the β-lactam channel and 
the tetracycline channel.   

 
Conclusions 
In the validation study the βeta-s.t.a.r. Combo test showed to be very specific for β-
lactams and tetracyclines as a real interference was only caused by clavulanic acid at 700 
μg/kg and above. The βeta-s.t.a.r. Combo detects all β-lactams and tetracyclines with a 
MRL in milk at their respective MRL except for cefalexin and desfuroylceftiofur. 
Positive results for milk with an abnormal composition/quality should be considered with 
caution since interferences (false positive results) were observed for high somatic cell 
milk, for milk with a high fat content and for milk with a low or high protein content.  
Out of the results, it could be concluded that the βeta-s.t.a.r. Combo is a very fast, simple 
and reliable test to monitor tank milk (from cows, goats or ewes) with a normal 
composition/quality on the presence of β-lactams and tetracyclines.  
 
It should be mentioned that end of 2011 Neogen Corporation launched a new version of 
reagents namely βeta-s.t.a.r. Combo 3.0 with a 3 (1+2) minutes test protocol. 
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